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Local electron cyclotron resonance heating (ECRH) and 
current drive (ECCD) have been accepted as powerful tool 
for nuclear fusion researches. They have been used in 
controlling profiles of electron temperature and plasma 
current, in suppressing the MHD activities, and in the 
investigation of the energy transport. In many of these 
applications, the locality of the wave absorption given to 
ECRH has been highlighted. In order to achieve the local 
power deposition, however, single-pafh absorption has to 
be ensured, where the polarization of the incident ECRH 
beam will play an important role. Thus, the optimization of 
the polarization of the electric field in order to attain single 
pass absorption and high heating efficiency is important 
theme. Especially, since the helical system has 
3-dimensional magnetic field structure, the specific 
configuration of the Large Helical Device (LHD) has to be 
taken into consideration. 
The ECRH system of LHD consists of eight gyrotrons 
(two 82.70Hz, two 840Hz and four 1680Hz). In this 
experiment, dedicated to the optimization of the O-mode at 
. the fundamental ECR, two frequencies of 840Hz and 
82.70Hz were used. The slight difference in the frequency 
is not practically important and may be ignored. 
The polarization state of the incident wave can be varied 
by use of a set of polarizers, that is two mirrors with 
different grating depth (1J4 and 1J8). According to the 
numerical calculation and low power test, a wide range of 
the polarization states can be realized by selecting the set of 
angles of the polarizers. We newly developed a 
polarization monitor and confirmed that the predicted 
polarization states agree with the measured ones. In the Ee 
frequency range, parameters a and {3, are used in 
designating the polarization state. The value of " is the 
angle of the longer axis of the ellipse formed with respect 
to the x-axis and is called polarization angle. The value of 
8 indicates the ellipticity of the polarization. Positive and 
negative sign of8 mean the right- and left-handed rotation 
of fhe electric field around z-axis. 
At first, the dependence of the heating efficiency on " 
was studied by using 840Hz system. The 82.70Hz ECRH 
of 240kW is used just in order to produce and sustain the 
target plasma. The 840Hz ECRH of 170kW was 
superposed on it varying the polarization angles on 
shot-by-shot basis. The plasma stored energy and electron 
temperature evolve differently on the application of 840Hz 
ECRH depending on the polarization angles. We evaluated 
the effects of the polarization on ECRH from these data. In 
canying out this experiment, averaged electron density was 
kept around O.5xI019 m-3 by controlling fhe gas puff mg. 
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Figure I (a) shows increment of electron temperature 
measured with ECE diagnostics for ". Here, {3 is set to 
be 0 degree, i.e., the incident wave is linearly polarized. An 
outstanding sinusoidal dependence on " is observed. 
Secondly, the dependence of the heating efficiency on 
{3 was studied by using 82.7GHz system in the different 
series of the shots. The 840Hz and 1680Hz ECRH were 
used in order to produce and sustain the target plasma. The 
82.7 OHz ECRH was superposed on it varying the 
ellipticity in shot-by-shot basis. Here, " is set to be 45 
degrees. The obtained increment of electron temperature is 
plotted versus (3 in Fig.I(b). The results show that the 
right-handed elliptical polarization gives better heating 
efficiency than the left-handed elliptical polarization. 
In order to understand the experimental results morc 
quantitatively, we estimate the partition of the incident 
wave into 0- and X-modes in the plasma. In LHD, the 
plasma still exist somewhat outside the last closed flux 
surface(LCFS) although a closed magnetic flux surface 
does not exist, there is an ergodic layer mantling it as 
shown in Fig.2. The ergodic layer extends to about 7cm 
outward from the LCFS along the 82.70Hz (or 840Hz) 
ray-paths. Here, we define the "separatrix" by the outer 
boundary of the ergodic layer, and "scrape off layer (SOL)" 
is assumed further out of the separatrix represented by fhe 
position 7 morc em away. 
The solid-lines in Fig. I(a) and (b) show the O-mode 
fraction obtained from calculation using the parameters of 
magnetic field at LCFS. Considering the existence of 
plasma outside of the LCFS, the O-mode fraction was 
calculated for other two cases assuming the interface at 
separatrix and SOL. The results are shown in Fig. I(a) and 
(b) wifh dotted lines and dashed lines, respectively. Thus, it 
is found that the theoretical predictions of optimal" and 
fJ give closer agreement with the experimental results as 
the interface is taken outside of LCFS. 
Thus, the experimental results are well explained by 
assuming the vacuum/plasma interface a little outside of 
the LCFS. The sensitivity to the location of fhe interface 
may be the specific feature of the ECRH in the LHD 
configuration. 
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Fig. I. Increment of electron temperature and calculated O-mode 
fraction versus (a)" and (b) 8 
Fig. 2. The Poincare plot of 
magnetic lines of force in the 
vertically elongated cross-section. 
Ergodic layer exists surrounding 
the LCFS. 
